Northwestern; Wei Chen, Yale). When added to the comthe ups and downs in the fortunes of dendrites throughplex passive and active dendritic properties originally out the history of neuroscience. Following their domielucidated by Rall, all of these factors acting together nance as the highly visible indicators of neuronal divermean that synaptic integration is a dynamic process sity during the early phase of anatomical analysis, when engaging different parts of the dendritic tree depending the Golgi stain reigned supreme, dendrites seemed alon the modulator state of the system. most to vanish from the landscape of neuroscience durThis theme of the dynamic properties was extended ing the middle decades of the last century. This was the by studies of dendritic plasticity using new methods for period when prevailing ideas about brain circuits had imaging morphological and molecular events in living them reduced to "neural networks" in which cell body neurons. The power of the techniques that are becoming "nodes" were connected to one another by axonal available was illustrated by a demonstration of two-"wires." This imbalance began to be redressed by the photon confocal imaging in living brain using a miniature work of Wilfrid Rall using compartmental models of denscanning head operating through a window in the skull dritic integration, and the key roles of dendrites as intein the awake behaving animal (Fritjof Helmchen, Bell grators of neuronal signals and sites of synaptic plasticLaboratories).
dendritic spines are produced in response to afferent presynaptic sites. VAMP-GFP is transported along dendrites together with other presynaptic protein compostimulation, it is clear that spines retain a capacity for morphological plasticity even after synapses have been nents in preformed "packets" that appear to stabilize at cell-cell contact sites where they become capable of formed. This appears to be related to their high content of actin that produces spontaneous motility in cultured activity-evoked recycling within an hour after initial contact formation. In this case too, contacts may be initiated cells and brain tissue slices (Andrew Matus, Friedrich Meischer Institute, Basel, and Carol Mason, Columbia).
by filopodial protrusions from dendrites. Morphological plasticity is only one of several aspects Direct visualization of the actin cytoskeleton in spines using actin tagged with GFP shows that actin-based of dendrite function that depend on activity-regulated cytoplasmic calcium levels. repeatedly throughout the meeting as a key regulator in various aspects of dendrite function while itself being to embryo (Fen-Biao Gao, University of California, San Francisco). These patterns are altered in a variety of subject to several modes of regulation. Another layer of control is provided by neurotrophins, mutations bearing the usual profusion of exotic names including flamingo, kakapo (a New Zealand flightless especially BDNF, which can excite neurons in several major brain areas at nanomolar concentrations. Focal parrot in case you were wondering), sequoia, and tumbleweed. Varying from zinc finger proteins (sequoia) to application of BDNF produces Na ϩ signals within individual dendrite segments and Ca 2ϩ transients that may seven-transmembrane proteins with multiple cadherintype repeats (flamingo), their sheer heterogeneity shows be limited to single dendritic spines. These highly localized responses may provide a postsynaptic mechanism how much we still have to learn. Interestingly, though, in several of these mutations, dendrites fail to respect for BDNF-mediated LTP (Konnerth). A link between BDNF and LTP is further suggested by experiments with the midline boundary, suggesting that they may contribute to a mechanism for limiting growth and guidance of BDNF knockout mice where LTP, especially in its late phase, is severely compromised. Evidence that this efdendrite branches.
One of the key factors determining the extent of denfect results from the lack of BDNF itself and not some side effect is provided by experiments showing that LTP drite growth is synaptogenesis, and time-lapse video recording is being used to determine how synaptic partin hippocampal tissue slices from these mutant mice can be rescued by reintroducing the BDNF gene locally ners form their initial contacts (Stephen J. Smith, Stanford). Imaging pairs of dye-labeled Mauthner axons and into cells using an adenovirus vector (Bonhoeffer). BDNF also emerges as an important regulator of dendritic mortheir target postsynaptic neurons in the spinal cord of living zebra fish embryos shows that motile axonal phology from experiments in which BDNF and GFP (as a marker of dendrite morphology) were simultaneously growth cones and dendritic filopodia both participate in the initial contact with the axon growth cone, sometimes introduced into cells in tissue slices of ferret cortex using the biolistic device popularly known as the "gene gun" "pausing" and seeming to palpate the dendrites of the postsynaptic cell. In other cases, the axon passes by (Lawrence Katz, Duke). BDNF released from these cells has a powerful autocrine effect on morphological plaswithout slowing and dendritic filopodia from the target cell later grow out to contact it. Using cultured rat hippoticity so that within 24 hr they develop roughly 3-fold more dendrites than control cells expressing only GFP. campal neurons, the Smith group have followed the formation of synaptic contacts using the synaptic vesicle At the same time, dendritic spines are destabilized so that almost none remain. New experiments using green protein VAMP, tagged with GFP, as marker for nascent Somehow, activity detected by receptors has to be signaled back to the nucleus to regulate gene transcription. This function is still mainly in the black box stage, but one aspect of its operation emerges from evidence that the R1 subunit of the metabotropic GABA B receptor binds via a coiled-coil domain in its C terminus to the rat homolog of the CREB2 transcription factor (Jeremy Henley, MRC Bristol). GABA B R1 and CREB2 are colocalized in patches on dendrites and CREB2 becomes redistributed when GABA receptors are activated, suggesting a novel signaling pathway from dendritic receptor to nuclear transcription unit. The complexity of the diverse interactions discussed at the meeting was encapsulated in a contribution describing computer models that provide insight into the enhanced information processing capacity of active dendrites (Bartlett Mel, USC). It showed how much we do not yet understand and indicated how necessary it will be to develop, in parallel with experimental analysis, a theoretical basis for understanding dendrites as complex systems. Summing up, Steven Siegelbaum (Columbia) drew the themes of the conference together and captured the feeling of the participants that the fallow period, when many neuroscientists regarded dendrites as irrelevant to neuronal function, is well and truly over. Judging by the enthusiasm and wealth of new data presented at the meeting, dendrites are set to receive a lot more attention in the new millennium.
